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Description 

This invention relates generally to improvements in shell-and-tube heat exchangers and more particu- 
larly, but not by way of limitation, to shell-and-tube heat exchangers for vaporizing liquid or condensing 

5 vapor and having improved tube sheet and front-end head designs. 

In industry, heat transfer methods form an important part of almost all chemical processes. One of the 
most commonly used pieces of heat transfer equipment is the shell-and-tube type heat exchanger. 
Descriptions of the various types of heat exchangers are summarized in many well known publications, 
such as, for example, Perry's Chemical Engineers' Handbook , chap. 11 at 3-21 (Green, 6th ed. 1984). 

io Generally, this type of heat exchanger comprises a bundle of tubes having an inlet head in fluid flow 
communication with an outlet head. The tube bundle is enclosed in a shell that enables one fluid to flow into 
contact with the outer surfaces of the tubes in the tube bundle and to transfer heat from or to another fluid 
flowing through the tubes in the bundle. 

Shell-and-tube heat exchangers may be used in essentially all types of functional services such as 

75 condensing, cooling, vaporizing, evaporating, and mere exchanging of heat energy between two different 
fluids. Furthermore, shell-and-tube heat exchangers are capable of handling practically any type of chemical 
compounds including, for example, water, steam, hydrocarbons, acids, and bases. In the particular 
petroleum refinery process of HF alkylation, shell-and-tube heat exchangers are used in a variety of 
services some of which include HF acid vaporization and condensation. Because of the highly corrosive 

20 nature of HF acid, operators of HF alkylation processes have encountered significant problems with 
corrosion, erosion, scaling, and fouling in the shell-and-tube heat exchanger bundles used in HF acid 
handling service. In particular, with HF acid vaporizers, operators have occasionally experienced severe 
corrosion and erosion in the tube sheet area near the outlets of the tubes of the final tube passes of the 
exchangers, and they have experienced severe scaling and fouling in the inlet areas of the first tube passes 

25 of the exchangers. As a result of this damage, some operators have only been able to obtain tube bundle 
lives which are but a fraction of their design life expectancies. In fact, some operators have only been able 
to obtain useful tube bundle lives of as much as six months for conventional exchangers which have tubes 
constructed of highly corrosion resistant monel material. These bundles would normally have expected 
useful lives of three years or more. 

30 Because of the nature and type of corrosion or erosion and the specific locations where such corrosion 
and erosion typically occur within HF acid vaporizing heat exchangers, operators and their technical staffs 
have thought that the causes of the excessive damage in the HF acid heat exchangers have been related to 
the type of exchangers or the type of tube sheets used and to the highly corrosive nature of the HF acid 
being handled. In attempting to address these problems, operators have tried numerous different ap- 

35 proaches, such as using double tube sheets, changing the methods of rolling the tubes within the tube 
sheets, and using various techniques for seal welding the exchanger tube ends to the tube sheets. All these 
attempts at resolving the corrosion or erosion problems associated with using HF acid vaporizers are typical 
responses to resolving the type of corrosion or erosion operators have observed, but these attempts have 
failed to cure these problems. It has never occurred to those within the industry that the cause of the 

40 corrosion or erosion damage within the tubes of the HF acid vaporizers has not been solely related to the 
corrosive nature of the fluid compound being handled; but, rather, we have discovered that its cause is 
related to the flow characteristics of the fluid within the tubes. 

EP-A-0 443 340 discloses a shell-and-tube heat exchanger with a tube sheet having false partition 
grooves which allow periodic rotation of a heat exchanger tube bundle. 

45 FR-A-1 416 897 involves a heat exchanger having bundles of U-shaped tubes which are arranged so 
that the section of fluid passage progressively or digressively increases or decreases from the inlet to the 
outlet of the fluid. 

US 4,454,369 provides a process for the removal viscous acid soluble oils from HF acid catalyst 
present in a fractionation zone, 
so The present invention was developed in response to the specific problems relating to the use of HF 
acid vaporizers that operators of HF alkylation processes have long struggled with. 

It is an object of this invention to improve a shell-and-tube heat exchanger designed for the vaporization 
of HF acid. 

Another objective of this invention is to provide an apparatus which helps to increase the useful life of a 
55 shell-and-tube heat exchanger used in HF acid vaporization service. 

A further object of this invention is to reduce the cost of operation of an HF alkylation process. 
Still another object of this invention is to increase the reliability of the apparatus employed in the 
performance of an HF alkylation process. 
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The object of the present invention is achieved by a HF alkylation process system according to claim 1 , 
a method of operating said system according to claim 2 and an improved shell-and-tube heat exchanger of 
the type having a removable tube bundle used to vaporize HF acid according to claim 3. The improvement 
involves arranging fluid flow through the tubes of a multiple-pass, HF acid vaporizer in order to provide a 
5 more even velocity profile throughout the fluid flow path. 

Other aspects, objects, and advantages of this invention will become apparent from a study of this 
disclosure, appended claims, and the drawings in which: 

FIG. 1 is an elevational view of a shell-and-tube heat exchanger with portions thereof broken away to 
more clearly illustrate certain features of the present invention; 
70 FIG. 2 is an exploded isometric view illustrating the tube bundle, the tube sheet, and the front-end head 
of a heat exchanger constructed in accordance with the present invention; 

FIG. 3 is a cross sectional view taken along line 3-3 of FIG. 1 showing the inside of the front-end 
stationary head of the shell and tube heat exchanger of FIG. 1; 
FIG. 4 is a cross-sectional view taken along line 4-4 of FIG. 1; and 
75 FIG. 5 is a schematic representation of the HF acid regeneration circuit of a typical HF alkylation 
process. 

This invention is designed to reduce corrosion or erosion problems which have been found to occur in 
the HF acid vaporizers and condensers used in the HF acid regeneration circuit contained in many typical 
refinery HF alkylation processes. It has been discovered that, in many cases and in contrast to previously 

20 held theories, the cause of such corrosion and erosion damage in HF acid heat exchangers has been due 
primarily to excessively high tube-side fluid velocities or, in the case of fouling, due to excessively low tube- 
side fluid velocities. The problems associated with poor velocity distribution through the tubes of a heat 
exchanger result from the phase change which takes place in the fluid flowing within the exchanger tubes. 
As a result of this phase change, the volumetric flow rate changes as gas or liquid passes through the 

25 exchanger tubes. This change in volumetric flow rate results in a change in fluid velocity; and, in the case of 
a vaporizing fluid, its velocity will increase as it passes through the heat exchanger creating a greater 
potential for the erosion or corrosion or both associated with such excessively high tube-side fluid velocities. 

The approach used to address the problems related to excessively high tube-side fluid velocities and 
excessively low tube-side fluid velocities in accordance with this invention is to provide a multi-pass heat 

30 exchanger charaterized by multiple tube passes having unequal numbers of tubes per pass. This multi-pass 
heat exchanger is constructed by building baffles or partitions into the head and return ends of an 
exchanger which direct the fluid through the tubes into their proper relative positions. By providing for an 
exchanger with an unequal number of tubes per pass, an exchanger can be designed to maintain a 
relatively even fluid velocity destribution throughout the length of the exchanger tubes even though there is 

35 a phase change in the fluid as it passes through the tubes. By controlling the fluid velocity on the tube-side 
of an exchanger, the corrosion, erosion, and fouling that are related to a poor velocity profile through the 
tubes can be minimized with the consequent improvement in exchanger tube useful life and in HF alkylation 
process operating efficiency. 

Now referring to the drawings, FIG. 1 depicts a shell-and-tube heat exchanger 10 comprising shell 12 

40 and tube-bundle 14. The tube bundle 14 is composed of a plurality of U-shaped tubes 15 affixed to tube 
sheet 16 by any commonly used technique for rolling tubes inside drilled tube holes. Tubes 15 of tube 
bundle 14 and tube sheet 16 can be arranged in any commonly used symmetrical pattern such as in a 
triangular pitch or a square pitch, and they can be made of any variety of material which can include, for 
example, steel, copper, monel, admirality brass, 70-30 copper-nickel, aluminum bronze, aluminum, and the 

45 stainless steels. A presently preferred embodiment, however, comprises tubes 15 arranged in a square 
pitch pattern with the tubes 15 fabricated from a monel material. As shown in FIG. 1, tube bundle 14 is of 
the removable, U-tube type having a single tube sheet 1 6, but this invention is not limited to U-tube type 
construction and may be of any type of construction which allows for the removal of tube bundle 14 from 
shell 12 including floating head type bundles. Furthermore, any acceptable tube-sheet construction, 

50 including double tube sheets, may be used instead of a single tube sheet. Tube sheet 16 is held in place 
by shell flange 18 and channel flange 20 suitably interconnected by bolts (not shown). 

Shell 12 is provided with nozzles 22 and 24 spaced as shown to induce flow of shell-side fluid across 
and along the external length of the tubes of tube bundle 14, This one-pass, shell-side fluid flow is the 
preferred arrangement under the presently preferred embodiment of this invention. Generally, it is the most 

55 commonly used flow arrangement in typically designed shell-and-tube exchangers; however, other shell- 
side flow arrangements are possible, such as a split-flow, double split-flow, divided flow and cross flow 
which require either additional nozzles or different nozzle arrangements or both. Tube bundle 14 is 
equipped with segmental type baffles 26, spaced at convenient distances, which improve heat transfer by 
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inducing turbulent fluid flow and causing the shell-side fluid to flow at right angles to the axes of tubes 1 5 of 
tube bundle 14. Segmental baffles 26 are made from circular, drilled plates which allow the insertion of the 
exchanger tubes. The diameter of the segmental baffles 26 approaches that of the inner diameter of shell 
12 and approximately twenty-five percent of each baffle 26 is cut-out and removed from the drilled plate. 
5 The cut-out portions of the baffles 26 are alternately rotated 180* relative to one another so as to provide 
an up-and-down, side-to-side or zig-zag type fluid flow pattern across tube bundle 14. While the presently 
preferred embodiment of this invention uses twenty-five percent cut segmental baffles, there are other types 
which can be used such as disc and donut baffles, rod baffles, orifice baffles, double segmental baffles, and 
triple segmental baffles. 

jo Referring to FIGS. 1 , 2 and 3, there is shown a stationary front-end bonnet head 28 having inlet nozzle 
30, outlet nozzle 32, two horizontally oriented pass partitions 34 and 36, and one vertically oriented pass 
partition 38, and is equipped with channel flange 20 for assembly with shell 1 2 by bolts (not shown) passing 
through channel flange 20 and opposing shell flange 18. While it is generally preferred to use bolts and 
flanges as a fastener means, any other suitable means such as clamps and latches for connecting 

75 stationary front-end bonnet head 28 and shell 12 with tube sheet 16 therebetween can be used. Flanges 18 
and 20 will clamp on tube sheet 16, which is designed in accordance with this invention, in a closed 
position. The joints between the outer edges of pass partitions 34, 36, and 38 and corresponding partition 
grooves 50, 52, and 54 formed in the face of tube sheet 16, as shown in FIGS 2 and 4, are formed by 
inserting the outer edge 34a of pass partition 34 into horizontal partition groove 50, the outer edge 36a of 

20 horizontal pass partition 36 into horizontal partition groove 52, and the outer edge 38a of vertical pass 
partition 38 into vertical partition groove 54, (partition grooves, 50 and 54 are not shown in FIG. 1, but they 
are shown in FIG. 2 and FIG. 4). The joints are sealed with a suitable gasket (not shown) and with force 
created by the torqing of the bolts which connect channel flange 20 and shell flange 18. Bonnet head 28 is 
fitted with lifting lug 40. The shell 12 is provided with support saddles 42 and 44 for support and mounting 

25 upon a foundation. 

FIG. 2 shows the lay-out of tube sheet 16 having a group of three partition grooves 50, 52 and 54 
formed thereon and showing bonnet head 28 with pass partition plates 34, 36 and 38 along with an inlet 
nozzle 30 and an outlet nozzle 32. Partition groove 54 is a vertical partition groove which is formed along 
the vertical center line of tube sheet 16. The vertical center line of tube sheet 16 is defined as an imaginary 

30 line parallel to the faces of tube sheet 16 which divides the faces of tube sheet 16 into symmetrical halves. 
Vertical partition groove 54 has the length of the tube sheet 16 and is formed upon the face along the 
vertical center line. The center of partition groove 54 is the midpoint of the length of partition groove 54, 
which is the point equidistant from all points on the outer boundaries of the partition groove 54. Partition 
grooves 50 and 52 are horizontal partition grooves which extend normally from the vertical center line of 

35 tube sheet 16. 

The partition plates 34, 36 and 38 are permanently affixed inside bonnet head 28 either by welding or 
casting in place or any other suitable means. These partitions serve to direct the fluid flow through the 
tubes in a specific pattern as, for example, required by a changing fluid phase as the fluid passes through 
the exchanger tubes 15. While FIG. 2 shows the preferred embodiment of this invention providing for a six- 

40 pass exchanger having an unequal number of tubes per pass, this invention, however, can be extended to 
heat exchangers that use floating-head type tube bundles as described hereinbelow. 

The particular embodiment as depicted in FIG. 2 and the cross-sectional views of FIG. 3 and FIG. 4 
illustrate the fluid flow through the exchanger tubes, the apparatus, and its operation. In operation, liquid to 
be vaporized enters exchanger 10 through inlet nozzle 30 into first chamber 56 where the liquid 

45 accumulates and then flows into a portion of tubes 15 contained within tube sheet 16 comprising the first 
tube pass. Because tubes 15 are of the U-tube type design, the incoming liquid passes through tubes 15 of 
the first tube pass and returns to enter second chamber 58 via the second tube pass. Within second 
chamber 58, the fluid loops around and enters the third tube pass where the fluid passes axially down the 
length of tubes 15 of the third tube pass and returns to enter chamber 60 via the fourth tube pass. Within 

50 third chamber 60, the fluid makes another loop to enter the fifth tube pass where it flows axially down the 
length of tubes 15 and returns via the sixth tube pass to enter the fourth chamber 62. From fourth chamber 
62, the vaporized fluid exits the chamber via outlet nozzle 32. As the fluid passes through tubes 15 of 
exchanger 10 and tube bundle 14 it undergoes the vaporization process where at any given position within 
the fluid flow path there will be either a vapor or a liquid or some mixture thereof. As a result of this 

55 vaporization process, the fluid volumetric flow rate increases as it passes through the exchanger causing an 
increase in fluid velocity. By providing an unequal number of tubes per tube-side pass, adjustment and 
optimization of the tube-side fluid flow velocities can be made which will minimize the amount of tube 
damage caused by fouling and corrosion and which will extend the useful life of the heat exchanger. 
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The heat exchanger as described hereinabove and as depicted in FIGS. 1, 2, 3 and 4 is further 
incorporated for use in the acid regeneration circuit of an HF akylation process. FIG, 5 is a schematic flow 
diagram of the acid regeneration circuit showing the relative location of the process equipment in the circuit 
and the location of the heat exchanger of this invention. 

5 Hydrocarbon feed material comprising a mixture of olefins and isoparaffins is introduced through 
conduit 100 into the lower portion of riser-reactor 102 which is in fluid flow communication between the 
catalyst cooler 104 and the medial portion of settler vessel 106. The hydrocarbon feed material is 
introduced in the riser-reactor 102 at essentially the outlet of the catalyst cooler 104 where circulating HF 
acid catalyst flowing by natural convection from settler vessel 106 via conduit 108 through catalyst cooler 

70 1 04 mixes with the injected hydrocarbons to form an admixture. The thus formed admixture rises upwardly 
through riser-reactor 102 where the reactor effluent discharges from riser-reactor 102 into settler vessel 106. 
Upon entering settler vessel 106, two separate liquid phases form with the catalyst phase 110 settling to the 
lower portion of settler vessel 106 and with the hydrocarbon phase 112 forming above the catalyst phase 
and with a liquid-liquid interface 114 being formed therebetween. Once the HF acid catalyst has settled out 

rs in the catalyst phase within the settler vessel 106, it once again begins the above-described cycle. 

To regenerate the HF Catalyst, a portion of the inventory of HF acid contained in the catalyst phase 110 
in the settler vessel 106 and appending equipment is charged, either continuously or intermittently, to acid 
rerun column 116 through feed pump 118 and conduit 120. Interposed in conduit 120 between feed pump 
118 and acid rerun column 116 is heat exchanger 10, constructed in accordance with the present invention. 

20 Liquid HF acid is pumped by pump 1 18 through conduit 120 into the tube-side of heat exchanger 10 where 
the acid is vaporised by exchange of heat energy supplied by any suitable heat source such as steam. The 
vaporized acid is further fed via conduit 120 to acid rerun column 116 where a separation takes place with 
the separated acid soluble oil being removed through conduit 122 and HF acid, having a significant 
reduction in the content of acid soluable oil and water, is removed overhead and charged through line 124 

25 to the settler vessel 1 06. 

Example I 

This calculated example is provided to show the benefits which can be achieved by using the disclosed 

30 invention. Shown in Table I are calculated heat exchanger values for a given flow rate within the tube-side of 
a typical symmetrically oriented six-pass exchanger (shown in "Before" column) and for an asymmetrically 
oriented six-pass exchanger having an unequal number of tubes per pass (shown in "After" column) 
constructed in accordance with the present invention, each being operated as a liquid vaporizer. The 
calculated values presented in Table I apply to a type BEU (i.e., bonnet head, one-pass shell, U-tube 

35 bundle heat exchanger) exchanger having 58 U-tubes with each tube comprising too essentially straight 
tube lengths with a radius section connecting each length. The tubes are 1 inch O.D. x 12 BWG 
(Birmingham Wire Gauge, i.e. 0,277 cm wall thickness) U-tubes oriented in a 3.18 cm (1.25 inch) square 
pitch pattern with the "Before" exchanger having 20 tube lengths in the first and second passes, 18 tube 
lengths in the third and fourth passes, and 20 tube lengths in the fifth and sixth passes. The "After" 

40 exchanger has 8 tube lengths each in passes one and two, 12 tube lengths each in passes three and four, 
and 38 tube lengths each in passes five and six. As reflected in Table I, the flow velocity of the entering 
liquid is substantially lower than the flow velocity of the exiting vapor. By reorienting the fluid flow through 
the exchanger tubes, a more preferred velocity distribution within the tubes can be obtained. The exiting 
vapor velocity is lowered and the entering liquid velocity is increased thus helping to reduce erosion caused 

45 by the high vapor velocities and to reduce fouling caused by low liquid velocities. Furthermore, the overall 
heat transfer coefficient is improved due to an improvement in velocity distribution. Reduction in the 
corrosion and erosion damage caused by the poor fluid velocity distribution results in an improvement in 
the useful life of the exchanger tubes and it results in a reduction in various capital and operating costs 
related to the exchanger. 

50 
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Table I 
(Calculated) 

Pertinent calculated values for a typical symmetrical six-pass exchanger 
and an asymmetrical six-pass exchanger incorporating unequal tubes per 
pass . 



Before 



After 



10 



15 



20 



Liquid in (g/min) [(lb/hr)] 
Volumetric flow in 4/s [(ft Vsec)] 
Liquid velocity in m/min [(ft/sec)] 

Vapor out g/min [(lb/hr)] 
Volumetric flow out 4/s [(ft /sec)] 
Vapor velocity out m/min [(ft/sec)] 

Estimated Overall Ueat-Transf er 
Coefficient (J/s/m /°C) [ (BTU/hr/f t 2 /°F ) ] 

Tube life extension resulting from unequal 
number of tubes per pass (years) 



Lnventive Feature 


Inventive Feature 


47,628 
1,048 
10,06 


[ 6,300] 
[ 0.037) 
[ 0.55 ] 


47,628 
1,048 
25,42 


[ 6,300] 
[ 0.037] 
[ 1.39 ] 


47,628 
99,39 
960,12 


[ 6,300] 
[ 3.51 ] 
[52.5 ] 


47,628 
99,39 
512,06 


[ 6,300] 
[ 3.51 ) 
[28.0 ] 


283,9 


[50] 


312,3 


[55] 



4 to 2 



2 to 4 



25 Claims 

1. A HF alkylation process system of the type having 

a settler vessel (106) having an upper end portion, a lower end portion, and a medial portion; 
a riser-reactor (102) having an upper end portion, a lower end portion, and a medial portion; 
30 a catalyst cooler (104) having an inlet means and outlet means, with the outlet means. thereof in fluid 
flow communication with the lower end portion of said riser-reactor (102); 

a conduit (108) in fluid flow communication between the lower end portion of said settler vessel and 
said inlet means of said catalyst cooler; 

a second conduit (102) having a first end portion and a second end portion, with the first end portion 
35 thereof in fluid flow communication with the medial portion of said settler vessel (106) and the second 
end portion thereof in fluid flow communication with the upper end portion of said riser-reactor (102); 
an acid rerun column (116) having an upper end portion, a lower end portion and a medial portion, with 
the upper end portion thereof in fluid flow communication with the medial portion of said settler vessel 
(106); 

40 a third conduit having a first end portion and a second end portion, with the first end portion thereof in 
fluid flow communication with the outlet means of said catalyst cooler (104); 

a pump (118) having an inlet end and an outlet end, with the inlet end thereof in fluid flow 
communication with the second end portion of said third conduit; 

a fourth conduit (120) having a first end portion and a second end portion, with the first end portion 
45 thereof in fluid flow communication with the outlet end of said pump (118); and 

a fifth conduit having a first end portion and a second end portion, with the second end portion thereof 
in fluid flow communication with the medial portion of said acid rerun column (116); 
characterized in that the system 

comprises a shell-and-tube heat exchanger (10) as defined in the following claim 3, the inlet means (30) 
50 of said heat exchanger connected to the second end portion of the fourth conduit (120) and the outlet 
means (32) of said heat exchanger connected to the first end portion of the fifth conduit. 

2. A method of operating an HF alkylation process system as defined in claim 1, which comprises: 
removing HF acid from said catalyst cooler (104); 

55 charging said HF acid to said inlet means (30) of said shell-and-tube heat exchanger (10); 
vaporizing said HF acid within said plurality of U-shaped tubes (15) and 

removing the thus vaporized HF acid through said outlet means (32) of said shell-and-tube heat 
exchanger (10). 
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3. A shell-and-tube heat exchanger comprising: 

a shell (12) having an open first end portion and a closed second end portion; 

a first tube sheet (16) securable to the open first end portion of said shell and having a first face and a 
second face and a plurality of apertures communicating between said first and second faces; 
5 a plurality of U-shaped tubes (15) having opposite open ends and operatively connected to said first 
tube sheet and extending away from the second face of said first tube sheet with the open ends of said 
U-shaped tubes in fluid flow communication with the first face of said first tube sheet via corresponding 
said apertures; 

a vertical partition groove (54) formed in the first face of said tube sheet in the center thereof thereby 
io forming symmetrical halves of the first face of said first tube sheet disposed on either side of said 

vertical partition groove thereby the opposite open ends of each of said U-shaped tubes (15) 

communicate with the corresponding symmetrical halves of the first face of said first tube sheet (1 6); 

at least one horizontal partition groove (50, 52) formed in the first face of said first tube sheet extending 

from said vertical partition groove to an outside edge of said first tube sheet; 
75 a bonnet head (28) having an inlet (30), an outlet (32), an open first end portion and a closed second 

end portion and securable at the open first end portion thereof to said first tube sheet and the open first 

end portion of said shell; 

a vertical partition (38) formed within said bonnet head in the center thereof thereby forming 
symmetrical chambers within said bonnet head (28) on either side of said vertical partition, said vertical 
20 partition being sized and shaped to be closely received within said vertical partition groove (54) when 
said bonnet head is secured to said first tube sheet and said shell; 

at least one horizontal partition (34, 36) formed within said bonnet head extending between said vertical 
partition and said bonnet head thereby dividing one of said symmetrical chambers (56, 58, 60, 62), said 
at least one horizontal partition being sized and shaped to be closely received within a corresponding at 
25 least one said horizontal partition grooves (50, 52) when said bonnet head (28) is secured to said first 
tube sheet (16) and said shell(12); 

wherein the arrangement of the partitions (34, 36, 38) is such that the heat exchanger is a multi-pass 
heat exchanger and that it has a unequal number of tubes per pass and a increasing number of tubes 
per pass; 

30 means (18, 20) operatively related to said shell (12) and said bonnet head (28) for mutually securing 
the open first end portion of said bonnet head, said first tube sheet and the open first end portion of 
said shell together; 

inlet means (30) in fluid flow communication with one (56) of said additional chambers in said bonnet 
head, and 

35 outlet means (32) in fluid flow communication between another of said additional chambers in said 
bonnet head; 

said heat exchanger not comprising a horizontal false partition groove in one of said symmetrical halves 
of the first face of said first tube sheet. 

40 Patentansprtiche 

1. HF-Alkylierungs-Proze8system mit 

einem AbsetzgefaB (106) mit einem oberen Endbereich, einem unteren Endbereich und einem 
Mittelbereich; 

45 einem Steigreaktor (102) mit einem oberen Endbereich, einem unteren Endbereich und einem 

mittleren Bereich; 

einem KatalysatorkGhler (104) mit einer EinlaBeinrichtung und einer AuslaBeinrichtung, wobei die 
AuslaBeinrichtung in Fluidstromungsverbindung mit dem unteren Endbereich des Steigreaktors (102) 
steht; 

so einer Leitung (108) in Fluidstromungsverbindung zwischen dem unteren Endbereich des Absetzge- 

faBes und der EinlaBeinrichtung des Katalysatorkuhlers; 

einer zweiten Leitung (102) mit einem ersten Endbereich und einem zweiten Endbereich, wobei der 
erste Endbereich in Fluidstromungsverbindung mit dem mittleren Bereich des AbsetzgefaBes (106) 
steht und der zweite Endbereich in Fluidstromungsverbindung mit dem oberen Endbereich des 
55 Steigreaktors (102) steht; 

einer SSure-AufarbeitungssSule (116) mit einem oberen Endbereich, einem unteren Endbereich und 
einem mittleren Bereich, wobei der obere Endbereich in Fluidstromungsverbindung mit dem Mittelbe- 
reich des AbsetzgefaBes (106) steht; 
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einer dritten Leitung mit einem ersten Endbereich und einem zweiten Endbereich, wobei der erste 
Endbereich im Fluidstromungsverbindung mit der AuslaBeinrichtung des Katalysatorkuhlers (104) steht; 

einer Pumpe (118) mit einem EinlaBende und einem AuslaBende, wobei das EinlaBende in 
Fluidstromungsverbindung mit dem zweiten Endbereich der dritten Leitung steht; 
5 einer vierten Leitung (120) mit einem ersten Endbereich und einem zweiten Endbereich, wobei der 

erste Endbereich in Fluidstromungsverbindung mit dem AuslaBende der Pumpe (118) steht; und 

einer fUnften Leitung mit einem ersten Endbereich und einem zweiten Endbereich, wobei der 
zweite Endbereich in Fluidstromungsverbindung mit dem Mittelbereich der Saure-AufarbeitungssSule 
(11 6) steht; 

w dadurch gekennzeichnet, daB das System einen Rohrenwarmeaustauscher (10) gemaB der Defini- 

tion im nachstehenden Anspruch 3 aufweist, wobei die EinlaBeinrichtung (30) dieses Warmeaustau- 
schers mit dem zweiten Endbereich der vierten Leitung (120) verbunden ist und die AuslaBeinrichtung 
(32) dieses Warmeaustauschers mit dem ersten Endbereich der fUnften Leitung verbunden ist. 

75 2. Verfahren zum Betreiben eines HF-Alkylierungs-Proze8systems gemaB Anspruch 1 , umfassend folgen- 
de Stufen: 

Entfernen von HF-Saure aus dem Katalysatorkuhler (104); 

Zufuhren der HF-Saure in die EinlaBeinrichtung (30) des Rohrenwarmeaustauschers (10); 
Verdampfen der HF-Saure innerhalb der Mehrzahl von U-formigen Rohren (15); und 
20 Entfernen der auf diese Weise verdampften HF-Saure durch die AuslaBeinrichtung (32) des 

Rohrenwarmeaustauschers (10). 

3. Rohrenwarmeaustauscher, umfassend: 

einen Mantel (12) mit einem offenen ersten Endbereich und einem geschlossenen zweiten 
25 Endbereich; 

eine erste Rohrplatte (16) die am ersten Endbereich des Mantels befestigt werden kann und eine 
erste Seitenflache und eine zweite Seitenflache sowie eine Mehrzahl von Offnungen zur Verbindung 
der ersten und der zweiten Seitenflache aufweist; 

eine Mehrzahl von U-formigen Rohren (15) mit gegenliberliegenden offenen Enden, die operativ 
30 mit der ersten Rohrplatte verbunden sind und sich von der zweiten Seitenflache der ersten Rohrplatte 
aus erstrecken, wobei die offenen Enden der U-fdrmigen Rohre in Fluidstromungsverbindung mit der 
ersten Seitenflache der ersten Rohrplatte Liber die entsprechenden Offnungen steht. 

eine vertikale Unterteilungsrille (54), die in der ersten Seitenflache der Rohrplatte in deren Mitte 
ausgebildet ist, wobei zwei symmetrische Halften der ersten Seitenflache der ersten Rohrplatte 
35 entstehen, die auf beiden Seiten der vertikalen Unterteilungsrille angeordnet sind, wodurch die gegen- 
liberliegenden offenen Enden der jeweiligen U-formigen Rohre (15) in Verbindung mit den entspre- 
chenden symmetrischen Halften der ersten Seitenflache der ersten Rohrplatte (16) stehen; 

mindestens eine horizontal Unterteilungsrille (50, 52), die in der ersten Seitenflache der ersten 
Rohrplatte ausgebildet ist und sich senkrecht zur vertikalen Unterteilungsrille in Richtung zu einem 
40 auBeren Rand der ersten Rohrplatte erstreckt; 

einen Deckelkopf (28) mit einem EinlaB (30), einem AuslaB (32), einem offenen ersten Endbereich 
und einem geschlossenen zweiten Endbereich, wobei der Deckelkopf mit dem offenen ersten Endbe- 
reich an der ersten Rohrplatte und dem offenen ersten Endbereich des Mantels befestigt werden kann; 
eine vertikale Unterteilung (38), die in der Mitte des Deckelkopfes ausgebildet ist, wodurch auf 
45 beiden Seiten der vertikalen Unterteilung symmetrische Kammern im Deckelkopf (28) gebildet werden, 
wobei die vertikale Unterteilung so bemessen und geformt ist, dafi sie bei der Befestigung an der 
ersten Rohrplatte und dem Mantel dicht in der vertikalen Unterteilungsrille (54) aufgenommen wird; 

mindestens eine horizontale Unterteilung (34, 36), die im Deckelkopf ausgebildet ist und sich 
zwischen der vertikalen Unterteilung und dem Deckelkopf erstreckt und dabei eine der symmetrischen 
so Kammern (56, 58, 60, 62) abteilt, wobei mindestens eine horizontale Unterteilung so bemessen und 
geformt ist, daB sie beim Befestigen des Deckelkopfes (28) an der ersten Rohrplatte (16) und dem 
Mantel (12) dicht in mindestens einer entsprechenden horizontalen Unterteilungsrille (50, 52) aufgenom- 
men wird; 

wobei die Anordnung der Unterteilungen (34, 36, 38) so beschaffen ist, daB es sich beim 
55 Warmeaustauscher urn einen Mehrfachdurchgang-Warmeaustauscher handelt, der eine ungleiche An- 
zahl von Rohren pro Durchgang und eine steigende Anzahl von Rohren pro Durchgang aufweist; 

eine operativ mit dem Mantel (12) und dem Deckelkopf (28) verbundene Einrichtung (18, 20) zur 
gegenseitigen Befestigung des offenen ersten Endbereichs des Deckelkopfes, der ersten Rohrplatte 
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und des offenen Endbereichs des Mantels; 

eine EinlaBeinrichtung (30) in Ruidstromungsverbindung mit einer (56) von zusatzlichen Kammern 
im Deckelkopf; und 

eine AuslaBeinrichtung (32) in Ruidstromungsverbindung mit einer weiteren zusatzlichen Kammer 
5 im Deckelkopf; 

wobei der Warmeaustauscher keine horizontale falsche Unterteilungsrille in einer der symmetri- 
schen Halften der ersten Seitenflache der ersten Rohrplatte umfaBt. 

Revendications 

10 

1. Un systeme pour un procede d'alkylation HF du type comprenant : 

un recipient de d§cantation (106) ayant une partie d'extremite superieure, une partie d'extremite 
inferieure et une partie mediane ; 

un reacteur a canalisation ascendante (102) ayant une partie d'extremite superieure, une partie 
15 d'extremite" inferieure et une partie mediane ; 

un refroidisseur de catalyseur (104) ayant un moyen d'entree et un moyen de sortie, son moyen de 
sortie etant en communication d'ecoulement de fluide avec la partie d'extremite inferieure dudit 
reacteur a canalisation ascendante (102) ; 

un conduit (108) en communication d'ecoulement de fluide entre la partie d'extremite inferieure 
20 dudit recipient de decantation et ledit moyen d'entree dudit refroidisseur de catalyseur ; 

un deuxieme conduit (102) ayant une premiere partie d'extremite et une deuxieme partie d'extremi- 
te, sa premiere partie d'extremite etant en communication d'ecoulement de fluide avec la partie 
mediane dudit recipient decanteur (106) et sa deuxieme partie d'extremite etant en communication 
d'ecoulement de fluide avec la partie d'extremite superieure dudit reacteur a canalisation ascendante 
25 (102) ; 

une colonne de reecoulement d'acide (116) ayant une partie d'extremite superieure, une partie 
d'extremite inferieure et une partie mediane, sa partie d'extremite superieure etant en communication 
d'ecoulement de fluide avec la partie mediane dudit recipient decanteur (106) ; 

une troisieme conduite ayant une premiere partie d'extremite et une deuxieme partie d'extremite, 
30 sa premiere partie d'extremite etant en communication d'ecoulement de fluide avec le moyen de sortie 
dudit refroidisseur de catalyseur (104) ; 

une pompe (118) ayant une extremite d'entree et une extremite de sortie, son extremite d'entree 
etant en communication d'ecoulement de fluide avec la deuxieme partie d'extremite dudit troisieme 
conduit ; 

35 un quatrieme conduit (120) ayant une premiere partie d'extremite et une deuxieme partie d'extremi- 

te, sa premiere partie d'extremite etant en communication d'ecoulement de fluide avec ('extremite de 
sortie de ladite pompe (118) et 

un cinquieme conduit ayant une premiere partie d'extremite et une deuxieme partie d'extremite, sa 
deuxieme partie d'extremite etant en communication d'ecoulement de fluide avec la partie mediane de 

40 ladite colonne de reecoulement d'acide (116) ; 

caracterise en ce que le systeme comprend un echangeur de chaleur a tubes et enveloppe (10) 
comme detini dans la revendication suivante 3, le moyen d'entree (30) dudit echangeur de chaleur 
etant relie a la deuxieme partie d'extremite du quatrieme conduit (120) et le moyen de sortie (32) dudit 
echangeur de chaleur etant relie a la premiere partie d'extremite du cinquieme conduit. 

45 

2. Un procede pour la mise en oeuvre d'un systeme pour procede d'alkylation HF selon la revendication 
1 , qui consiste : 

a eiiminer de I'acide HF dudit refroidisseur de catalyseur (104) ; 

a charger ledit acide HF dans ledit moyen d'entree (30) dudit echangeur de chaleur a tubes et 
50 enveloppe (10) ; 

a vaporiser ledit acide HF dans ladite pluralite de tubes en forme de U (15) et 
a eiiminer I'acide HF ainsi vaporise au travers dudit moyen de sortie (32) dudit echangeur de 
chaleur a tubes et enveloppe (10). 

55 3. Un echangeur de chaleur a tubes et enveloppe comprenant : 

une enveloppe (12) ayant une premiere partie d'extremite ouverte et une deuxieme partie 
d'extremite fermee ; 

une premiere tole de tube (16) susceptible d'etre fixee a la premiere partie d'extremite ouverte de 
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iadite enveloppe et ayant une premiere face et une seconde face et une plurality d'ouvertures 
communiquant entre Iadite premiere face et Iadite deuxieme face ; 

une plurality de tubes en forme de U (15) ayant des extremes ouvertes opposees et relies de 
fagon operationnelie a Iadite premier tole de tube et s'&endant a distance de la deuxieme face de 
5 Iadite premiere tole de tube avec les extrdmites ouvertes desdits tubes en forme de U en communica- 
tion d'ecoulement de fluide avec la premiere face de Iadite premiere tole de tube par Tintermediaire 
d'ouvertures correspondantes ; 

une rainure de cloison verticale (54) formed dans la premiere face de Iadite tole de tube dans son 
centre, de fason a former des moitiSs symetriques de la premiere face de Iadite premiere tole de tube 
w disposees sur Tun ou I'autre cote de Iadite rainure de cloison verticale afin que les extr^mites ouvertes 
opposees de chacun desdits tubes en forme de U (15) communiquent avec les moitiSs symetriques 
correspondantes de la premiere face de Iadite premiere tole de tube (16) ; 

au moins une rainure de cloison horizontale (50, 52) formee dans la premiere face de Iadite 
premiere tole de tube s*6tendant a partir de Iadite rainure de cloison verticale jusqu'a un bord exte>ieur 
75 de Iadite premiere tole de tube ; 

une tete a calotte (28) ayant une entree (30), une sortie (32), une premiere partie d'extremite 
ouverte et une deuxieme partie d'extremite ferm^e et susceptible d'etre fixee a sa premiere partie 
d'extremite ouverte a Iadite premiere tole de tube et a la premiere partie d'extremite ouverte de Iadite 
enveloppe ; 

20 une cloison verticale (38) formed a I'lnterieur de Iadite tete a calotte dans son centre, de fagon a 

former des chambres symetriques dans Iadite tete a calotte (28) sur Tun ou I'autre cote* de Iadite 
cloison verticale, Iadite cloison verticale etant dimensionnee et conformed de fagon a etre etroitement 
regue dans Iadite rainure de cloison verticale (54) quand Iadite tete a calotte est fixee a Iadite premiere 
tole de tube et a Iadite enveloppe ; 

25 au moins une cloison horizontale (34, 36) formee dans Iadite tete a calotte s'etendant entre Iadite 

cloison verticale et Iadite tete a calotte en divisant ainsi une desdites chambres symetriques (56, 58, 
60, 62), au moins Iadite cloison horizontale etant dimensionnee et conformee de fagon a etre regue 
etroitement dans au moins une desdites rainures de cloison horizontale correspondante (50, 52) lorsque 
Iadite tete a calotte (28) est fixee a Iadite premiere tole de tube (16) et a Iadite enveloppe (12) ; 

30 dans lequel I'agencement des cloisons (34, 36, 38) est tel que I'echangeur de chaleur est un 

echangeur de chaleur a multi-passages et qu'il a un nombre inggal de tubes par passage et un nombre 
accru de tubes par passage ; 

des moyens (18, 20) agissant de fagon operationnelie par rapport a Iadite enveloppe (12) et a 
Iadite tete a calotte (28) pour fixer mutuellement la premiere partie d'extremite ouverte de Iadite tete a 

35 calotte, Iadite premiere tole de tube et la premiere partie d'extremite ouverte de Iadite enveloppe 
conjointement ; 

un moyen d'entree (30) en communication d'ecoulement de fluide avec Tune (56) desdites 
chambres suppiementaires dans Iadite tete a calotte et 

un moyen de sortie (32) en communication d'ecoulement de fluide entre une autre desdites 
40 chambres suppiementaires dans Iadite tete a calotte ; 

ledit echangeur de chaleur ne comprenant pas une rainure de fausse cloison horizontale dans Tune 
desdites moities symetriques de la premiere face de Iadite premiere tole de tube. 
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